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ABSTRACT (100-200 WORDS):
The human hand is challenging to study, due to having many narrow vessels and tendons
packed together in a small space. Because of this, it is useful to have clear diagrams showing just
a few structures at a time. From February to mid-March 2017, a human distal forearm was
dissected and used as a model for six drawings in the style of a traditional anatomical atlas.
These images are meant to be teaching tools for helping students identify structures, just like a
professionally made atlas. During the dissection process, rough pencil sketches were made in the
lab as new structures were exposed. Later, these sketches were redrawn in full color with colored
pencil. To go with the drawings is a paper explaining the functions of the structures depicted.
The first section will describe the nerves, vessels, fascia and bones. The second section will be
devoted to the muscles. Rather than just listing each muscle’s function individually, this report
will describe in detailed steps how the muscles work together in the process of picking up and
tossing a ball with one hand. This should make it easier to visualize how the muscles in the distal
forearm and hand function.

Intro: In the undergraduate anatomy course BIOS 311 taught by Dr. Olson, the students often
use atlases to help locate and identify countless tiny structures. These atlases introduce students
to the art of anatomical illustration, which has roots as far back as the Renaissance. The hand is
an ideal subject for an atlas because it has so many tendons, vessels, and bones that can be
difficult to keep track of, so it would be helpful to have clear detailed diagrams of these parts.
The hand is also more “relatable” relative to the internal organs; hands are frequently used for
nonverbal communication. People depend on their hands to do so many tasks everyday but rarely
think about what goes on behind the scenes. Hence, this atlas will include a section describing
which muscles work together to make the hand pick up and bounce a ball. The forearm and
upper arm are also involved in this process, but these will not be included: although many of the
muscles depicted are within the forearm compartment, they are mostly responsible for moving
the hand rather than the forearm itself (except for the brachioradialis, which flexes the elbow).
When I had taken BIOS 311, we studied from cadavers that had been prosected, so we did not do
dissections ourselves. We mainly learned visually and aurally by listening to lectures and by
looking for the muscles in the cadaver. When I started my atlas project, I found that dissection
provided a way to learn about the muscles kinesthetically or tactilely as well. Directly handling
and separating the muscles myself helped me understand and remember them better. For
example, I saw the flexor muscles slide up toward the hand as I gently straightened out the
fingers, which helped me understand how the process of extending the fingers works in life.
Drawing and labeling the muscles in my diagrams combined kinesthetic and tactile learning with
visual learning, as I was physically producing my own visual aid. As I created my atlas, I came
up with many questions that had not occurred to me before- what are tendons made of that make
them look so different from muscle bellies? What is fascia for? Did anyone literally use the
“anatomical snuffbox” to take snuff? Combining these active learning methods provided me with
a richer understanding of the arm’s machinery, which will be helpful in my medical career.
Part I: Nerves, Vessels, Fascia, Bones, and the Anatomical Snuffbox
Nerves:
-Superficial Branches of the Radial Nerve: Coming down from the neck is a network of nerves
called the brachial plexus, which is split into many different pathways, including the Radial
branch. The radial nerve in turn has branches, and its superficial branches innervate the dorsal
surface of the thumb, index finger, middle finger, and ring finger, and the part of the palm
adjacent to these fingers. The superficial branches of the radial nerve are sensory nerves, so they
bring sensory information from the fingers and palm to the Central Nervous System (“The Upper
Limb”).
-Median Nerve (See figure 1, “Flexor Compartment Layer One”): The Median Nerve is another
branch from the Brachial Plexus. It provides motor commands to most muscles in the anterior
forearm and in the hand. It also takes sensory information from the palmar side of the thumb,
index finger, middle finger, and ring finger, and the lateral part of the palm adjacent or proximal
to these fingers (“The Upper Limb”).
-Ulnar Nerve (See figure 1): The Ulnar Nerve is another Brachial Plexus branch that also
provides motor signals to the anterior forearm and hand. It takes sensory information from the
ring and little fingers and from the medial part of the palm proximal to these fingers (“The Upper
Limb”).

-Common Palmar Digital Nerves (see figure 6, “Flexors in the Palm”): These nerves come from
the Median and Ulnar nerves and run through the palm. The palmar digital nerves provide motor
commands and receive sensory information from the sides of the thumb and the webbing
between the fingers. From here, they branch off into the proper digital nerves that run through
the digits (Polaner).
Arteries:
The Radial and Ulnar arteries are the two major offshoots of the brachial artery in the upper arm.
-Radial Artery (See figure 1 and figure 5, “Lateral View: Extensors”): The radial artery starts
below the antecubital fossa (the elbow pit) and runs along the radial side of the forearm to the
wrist (Conklin, Edward & Reardon), where it runs across the anatomical snuff box seen in figure
5. As an artery, it brings oxygenated blood to the posterior forearm muscles (“The Upper
Limb”).
-Ulnar Artery: The Ulnar Artery also leaves the antecubital fossa, but it runs along the ulnar side
of the forearm to the wrist to provide oxygenated blood to the anterior forearm muscles (“The
Upper Limb”). To provide blood to the fingers, the ulnar and radial arteries anastomose or merge
together in the hand to form the deep palmar arch (not shown) and the superficial palmar arch
shown in figure 6, “Flexors in the Palm.”
-Common Palmar Digital Arteries (fig. 6, “Flexors in the Palm”): These come from the
superficial palmar arch to supply the sides of the fingers excluding the thumb (“The Upper
Limb”).
-Anterior Interosseous Vein, Artery and Nerve (fig. 3, “Flexor Layer Three”): These run very
closely together between the radius and ulna and underneath the pronator quadratus. The nerve
comes from the median nerve (see Fig. 1), providing motor signals to the deep forearm muscles
and taking sensory signals from the wrist joint (Battista).
Bones:
-The Radius and Ulna bones are the two major bones of the forearm between the elbow and the
wrist. The radius is on the same side of the arm as the thumb, and the ulna is on the same side as
the little finger.
-Carpal bones (fig. 5, “Lateral View: Extensors”): In the wrist, there are eight carpal bones: the
scaphoid, lunate, triquetrum, trapezium, trapezoid, capitate, hamate, and pisiform bones. Only
the trapezoid carpal bone is shown in figure 5. The Carpal bones form the wrist joint linking the
radius and ulna bones to the metacarpals in the back of the hand leading up to the fingers. Each
carpal bone forms a joint with the bones around it, and the sides of the bones forming each joint
are lined with a smooth white tissue called “articular cartilage.” This smooth connective tissue
allows the bones to move around each other smoothly, so that the hand can rotate easily
(Sechrest). The carpal bones are named based on their shapes and sizes. The name “trapezoid”
comes from the Greek word “trapeza” for table (“Trapezoid”).
-Metacarpals (only the 2nd metacarpal is shown, fig. 5): Distal to the carpals, there is one
metacarpal in the thumb and four in the back of the hand, leading to the fingers. The ends of
these bones form the knuckles (Richards & Loudon).

-Phalanges (fig. 5): Distal to the metacarpals are the phalanges making up the fingers and the
thumb. The thumb has two of these; proximal and distal. Each finger has a proximal,
intermediate, and distal phalanx. In total, there are 14 phalanges in the hand (Richards &
Loudon).
Fascia:
The fascia in the cadaver’s forearm looks like pale yellow or pink translucent tissue wrapped
around the muscles and vessels, making it hard to see them clearly. In dissection, the fascia must
be carefully trimmed and peeled off each muscle. According to Johnston & Nunamaker,
superficial fascia near the outer surface of a limb provides living muscles with thermal
insulation, and helps reduce friction between the skin and the structures underneath it. Deep
fascia farther away from the limb’s surface can be thicker in some areas to form retinacular
ligaments that wrap around tendons to hold them close to a bone in their proper positions
(Johnston & Nunamaker).
-Flexor Retinaculum, or Transverse Carpal Ligament (fig. 6, “Flexors in the Palm”): This is a
thick band of fascia that forms the roof of the carpal tunnel, wrapping around the radius, ulna and
wrist bones on the palmar side. It binds the flexor tendons together with the median nerve. If the
median nerve is compressed too much, it can cause the symptoms of Carpal Tunnel Syndrome,
such as pain or numbness (Taylor).
-Extensor Retinaculum, or Dorsal Carpal Ligament (fig. 4 “Extensor Compartment Layer One”
and fig. 5 “Lateral View: Extensors”): This retinaculum also wraps around radius, ulna, and wrist
bones on the dorsal side (Taylor).
Anatomical Snuffbox:
The anatomical snuffbox in figure 5 is not an organ itself, but a landmark for a group of
structures on the lateral side of the wrist below the thumb. The “snuffbox” is a triangular space
framed by the tendons of Extensor Pollicis Longus and Brevis, by the Radial artery, and by the
Extensor Retinaculum. The “snuffbox” can be found on one’s own wrist when the thumb is
outstretched toward the radial side of the forearm while the other fingers are extended the
opposite way. The common explanation for its name is that the “snuffbox” was used as a place to
hold snuff to sniff it. While it is true that the back of the hand was one traditional way to take
snuff, a more popular method was to pinch the snuff between the thumb and index finger instead
(Garrod).

Part II: The muscles
General information:
The muscles shown in these diagrams are skeletal muscles that pull on bones to create
motion. These muscles have tendons, which in the cadaver look like pale yellow-pink fibrous
chords. They also have muscle bellies that look reddish-pink, like the typical concept of a
muscle. Tendons are collagenous protein tissues that attach skeletal muscles to bone, and even
have a tensile strength similar to bone- One square centimeter area of tendon can support up to
1000 kg, a bit more than a US ton (Johnston & Nunamaker). Although tendons may look pale
and tough compared to softer, fleshier organs, tendons also receive blood from arterioles from
nearby muscles (Johnston & Nunamaker).
In contrast, the muscle bellies are composed of protein fibers that cause body parts to
move by contracting. The structures that make muscle cells contract are myofibrils, which are in
turn each made of groups of protein fibers called sarcomeres (Taylor). Garcia explains that both
tendons and muscle bellies are made of protein fibers; the difference is that the skeletal fibers are
multi-nucleated cells, whereas the collagen fibers in tendons are acellular.
The fingers themselves do not have muscle bellies within them (Komaroff), but they can
move because certain tendons of muscles in the forearm are very long and reach into the fingers,
so that contractions of the forearm muscles move the fingers. There are also nerve endings, fat
and tendon sheaths around the bones of the fingers.
How the muscles work together to pick a large softball up off the ground and bounce it:
First, the forearm leaves its relaxed position at the side of the body when the
Brachioradialis (fig. 4) flexes the elbow and supinates the forearm so that the palm faces up and
out (Richardson). To reach for the softball, the Pronator Quadratus in figure 3 pronates the
forearm, turning the palm of the hand to face down (Richardson). The Pronator Quadratus is
unusual because instead of being parallel to the radius and ulna like most forearm muscles, it
runs perpendicularly to these bones and binds them together. Brachioradialis is a pronator as well
as a supinator, so it also helps the pronator quadratus (Greene).
To help the fingers reach around the softball, the fingers, wrist and thumb must be
extended. According to O’Rahilly et al., the lumbricals (not shown) arise from the tendons of the
Flexor Digitorum Profundus, inserting on the extensor expansions and extending the fingers. The
extensor expansions are flat tendons forming hoods on the back of each finger (O’Rahilly et al.).
Extensor Indicis in fig. 5 extends the index finger and the wrist (Taylor). The Extensor Digiti
Minimi extends the little finger. Extensor Digitorum Communis in fig. 4 runs along the back of
the arm to the phanlanges, extending the fingers and wrist. The Extensor Carpi Ulnaris connects
the Humerus to the hand and extends the wrist (Taylor). Extensor Carpi Radialis Brevis runs
along the radius to the third metacarpal, extending the hand at the wrist (Richardson). Extensor
Carpi Radialis Longus originates from Humerus just proximal to origin of ECRB, inserting at the
base of the second metacarpal to extend the hand at wrist (Richardson). Extensor Pollicis Brevis
and Extensor Pollicis Longus both extend the thumb.
During extension, the fingers must also be abducted to spread apart from each other, and
the thumb must be abducted out of the palm to make room for the ball. The Dorsal Interossei
abduct the fingers, spreading them away from the middle finger. There are four dorsal and four
palmar interossei in the hand deep to the extensor tendons, but only two of the dorsal
interosseous muscles are shown in figure 5. Dorsal Interossei are bipennate muscles that each
have two heads originating from the sides of the metacarpals and inserting onto the extensor

expansions (O’Rahilly et al.). Abductor Pollicis Brevis in fig. 6 abducts and opposes the thumb
with the other fingers (Richardson). Abductor Pollicis Longus in fig. 5 is much longer than
Abductor Pollicis Brevis, running from middle of the ulna across the radius all the way to the
base of the first metacarpal. It abducts and extends the thumb (Richardson). Abductor Digiti
Minimi in fig. 6 abducts the little finger.
To wrap the fingers around the ball, the fingers and thumb must flex to curve inward
toward the palm. Flexor Digitorum Superficialis in fig. 2 is a broad muscle originating from the
humerus, ulna, and radius and inserting on the middle phalanges of the fingers. It flexes the
middle and proximal phalanges of the digits excluding the thumb, and also flexes the hand
(Richardson). Flexor Digitorum Profundus is more narrow and flexes the distal phalanges and
the hand (Richardson). FDS and FDP each have a set of four tendons, shown in Fig. 6. The
tendons lie so close together that they appear to be one set of four tendons despite being two sets
stacked on top of each other. Flexor Digiti Minimi Brevis in fig. 6 runs from the flexor
retinaculum and the hamate to the proximal phalanx of the little finger, flexing the 5th digit (Gest
& Schlesinger). Opponens Digiti Minimi runs alongside Flexor Digiti Minimi, inserting on the
shaft of the 5th metacarpal to oppose the little finger with the thumb (Gest & Schlesinger). Flexor
Pollicis Brevis (fig. 6) has a superficial and deep head, with the Flexor Pollicis Longus tendon
between them. F. P. Brevis runs alongside Abductor Pollicis Brevis, and flexes and opposes the
thumb (Moore, Dalleye, & Agur). Flexor Pollicis Longus originates from the radius and inserts
on the base of the thumb, so it flexes the thumb’s phalanges (Richardson).
To grip the ball, the fingers must adduct towards each other again, but the thumb must
stay abducted away from the palm to support the underside of the ball. The Palmar Interossei
(not shown) adduct the fingers toward the middle finger (O’Rahilly et al.). These muscles each
only have one head arising from the metacarpals and inserting on the extensor expansion hoods
in the backs of the fingers (O’Rahilly et al.).
Next, the ball is scooped into the palm, which involves flexing the hand from the wrist
and supinating the forearm. Flexor Carpi Ulnaris in fig. 1 flexes and adducts the hand by making
it swing from the wrist toward the ulnar side of the arm, so the thumb follows the fingers in a
scooping motion (Richardson). To help the other muscles flex the hand, Palmaris Longus in fig.
1 originates from the Humerus and inserts on the flexor retinaculum in the palm. Soltani et al.
reported that the Palmaris Longus may help with gripping and thumb abduction, but not
everyone has it: “in many cases (it’s) absent, either unilaterally or bilaterally.” Since it is not
crucial to have one, Palmaris Longus is often used for tendon grafts and reconstructive surgeries.
The Supinator (not shown) runs from the Humerus and Ulna and wraps around to the anterior
side of the radius, supinating the forearm (Richardson). The Brachioradialis in fig. 4 also assists
with supination (Greene).
Now that the palm is facing up and is supporting the bottom of the softball, the thumb can
adduct back toward the palm and to the side of the fingers. The wrist can also be extended again.
According to Gest & Schlesinger, Adductor Pollicis (fig. 6) has oblique and transverse heads,
with the deep palmar arch and the deep ulnar nerve between them. Both heads originate from the
2nd and 3rd metacarpals and insert on the proximal phalanx of the thumb, adducting the thumb
(Gest & Schlesinger). To make the final toss, the forearm is pronated, the fingers and thumb are
extended, and the wrist is flexed to push the ball out of the palm. These steps are accomplished
by the muscles described previously. However, Flexor Carpi Radialis in fig. 1 is another muscle
useful for swinging the ball down: it flexes and abducts the hand by making it swing from the
wrist toward the radial side of the arm, so the fingers follow the thumb (Richardson).
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